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Abstract—Four proteinase inhibitors were purified from Erythrina corallodendron seeds. Each inhibitor consists of
172-173 amino acids (M, 20000) including four half-cystine residues, and resembles the Kunitz-type proteinase
inhibitors. Inhibitor DE-2 inhibited trypsin strongly and chymotrypsin slightly less effectively. It had no effect upon
tissue plasminogen activator (t-PA). Inhibitor DE-3 inhibited trypsin, chymotrypsin and t-PA. Inhibitor DE-5 and
DE-10 were relatively spectfic for a-chymotrypsin, they were poor inhibitors for trypsin and had no effect upon t-PA.
The N-terminal amtno acid sequence of inhibitor DE-3 resembles those of other Erythrina species Inhibitor DE-2 and

DE-3 have the same reactive sites (Arg-Ser).

INTRODUCTION

The genus Erythrina comprises nearly 110 species of
trees, shrubs and herbaceous plants that are widely dis-
tributed throughout tropical to warm regions of the
world [1]. Many of the species are indigenous to South
Africa and the seeds are good sources of proteinase
mhibitors. The seeds all contain inhibitors for trypsin
and a-chymotrypsin [2] Further, the genus 1s unusual m
that one of the trypsin inhibitors has the unique abulity to
bind to and inhibit tissue plasminogen activator (t-PA)
[3]. The Erythrina proteinase inhibitor resembles other
inhibitors of the Kunitz-type. They have M,s of ca 20 000
and contain about 170 amino acids that are cross-linked
by two intramolecular disulphide bonds. The present
communication describes the purification and some
properties of the proteinase inhibitors from the seeds of
E. corallodendron. A paper on E. corrallodendron seed
was published [4] but the seeds are wrongly named and
should be called E. lysistemon. The E. corallodendron
seeds are distinguished by a red and black testa and a
black hilum-scar [5].

RESULTS

The crude preparation of E. corallodendron seeds was
fractionated by gel filtration on Sephadex G-50 followed
by ton exchange chromatography, first on DEAE-cellu-
lose and then on DEAE-Sepharose as described for other
Erythrina seeds [6-11]. The purification of the trypsin
and chymotrypsin inhibitors is summarized in Table 1.
Disc electrophorests, both in the absence and presence, of
dodecy! sulphate showed that proteinase mhibitors DE-
2, DE-3, DE-5 and DE-10 each ran as one band This
confirmed the homogeneous nature of these inhibitors.
Some of the properties of the pure inhibitors are shown in
Table 2. Trypsin and chymotrypsin inhibitor DE-3 in-
hibited t-PA also strongly and has a free N-terminal

amino acid (valine). Other mhibitors listed 1n Table 2
have no free N-termmal ammno actds The N-terminal
amino actds could be blocked with an acetyl group or a
pyroglutamic residue. Table 2 shows that the C-terminal
amino acid of inhibitors DE-2, DE-3, DE-5 and DE-10 s
serine. In Fig. 1 the N-terminal sequence of inhibitor DE-
3 from E. corallodendron seeds 1s compared to those of
mhibitors from other Erythrina seeds. Their sequences of
the first 20 amino acids were identical. The amino acid
compositions of the pure inhibitors (DE-2, DE-3, DE-5
and DE-10) is given in Table 3.

Treatment of proteinase inhibitors with catalytic am-
ounts of protease at acid pH 1s known to cause limited
hydrolysis at the active site of the inhibitor [12] and thus
provides a useful approach to the identification of the
reactive sites and their neighbouring sequences. The re-
sults of hmited hydrolysis of inhibitors DE-2 and DE-3
from the seeds of E. corallodendron with trypsin at pH 3
are given i Table 4. SDS-PAGE in the presence of a
reducing agent, of the digest, yielded three bands with
M,s of about 20000, 13000 and 7000 representing un-
cleaved 1nhibitors (20000) and the products of a single
cleavage at the reactive site. For comparison, limited
hydrolysis with trypsin of inhibitors DE-3 from E caffra
and E. latissima seeds is included 1n Table 4 The amino
acid sequences immediately C-terminal to the reactive
sites of the inhibitors were determined directly on the
digest (Table 4). The inhibitor DE-2 (E. corallodendron)
which contained no free N-terminal amino acid, gave one
PTH amino acid at each step of the fragment cleaved at
the reactive site. In the case of inhibitor DE-3 (E. corralo-
dendron) the digest gave two different PTH amino acids
for most steps. Since one of each pair could be ascribed to
the known N-terminal sequence of uncleaved inhibitor, 1t
was possible to assign the other member to the N-
terminal sequence of the fragment obtained at the reac-
tive site cleavage point.
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Table 1 Summary of the purification of protemnase inhibitors from E corallodendron seeds

Total inhibitor

Specific inhibitor

Protein activity* activity Yield

Steps (mg) (units x 10%) (units/mg protemn) (%) Bandst

Crude preparation 2000 T 1892 T 946 100
C 2244 C 1122 100

Sephadex G-50 540 T 1485 T 2750 785
C 1671 C 3094 745

DEAE-cellulose and

DEAE-Sepharose

DE-1 19 T 159 T 8360 84 2
C 61 C 3200 27

DE-2 69 T 582 T 8440 308 1
C 86 C 1240 38

DE-3 7 T 61 T 8720 32 1
C 38 C 5480 17

DE-4 14 T 95 T 6760 50 2
Cc 9 C 6400 40

DE-5 6 T 1 T 160 01 1
Cc st C 8440 23

DE-6 16 T 7 T 440 04 2
C 123 C 7680 S5

DE-7 5 T 2 T 360 01 2
C 35 C 7040 16

DE-8 8 T O T 0 0 2
C 50 C 6320 22

DE-9 27 T 0 T 0 0 2
C 184 C 6840 82

DE-10 5 T 7 T 1440 04 1
Cc 23 C 6680 15

DE-11 i1 T 5 T 440 03 2
cC 7 C 6440 32

DE-12 8 T 55 T 6880 29 2
C 14 C 1720 06

*T, trypsin inhibitor, C, a-chymotrypsin inhibitor
t+Disc electrophorests and SDS gel electrophoresis

Table 2. Some of the properties of proteinase inhibitors from E corallo-
dendron seeds

Property DE-2 DE-3 DE-5 DE-10
t-Pa inhibitor activities* 1500 60 000 0 0
M, 20000 20000 20000 20000
N-Terminal amino acid None Val None None
C-Terminal amino acid Ser Ser Ser Ser

* Tissue plasminogen activator mhibstory activity in TU/mg

DISCUSSION

Four inhibitors DE-2, DE-3, DE-5 and DE-10 were
1solated and purified from the seeds of E. corallodendron
by gel filtration followed by ion exchange chromato-
graphy. Each inhibitor consists of 172-173 amino acids,
cross-linked by two disulphide bridges, has a M, of ca
20000 and resembles the Kunitz-type proteinase inhi-
bitors. Inhibitor DE-2 inhibited trypsin strongly and
chymotrypsin shghtly less effectively and it had no effect
on tissue plasminogen activator (t-PA). Inhibitor DE-3

mhibited trypsin, chymotrypsin and t-PA. Inhibitors
DE-5 and DE-10 were relatively specific for a-chymo-
trypsin, they were poor mbhibitors of trypsin and t-PA.
The inhibitors from E. corallodendron seeds share many
chemucal characteristics with Kunitz-type inhibitors from
other species of Erythrina [2]

The first report of a complete amino acid sequence of a
Kunitz-type trypsin inhibitor (from soybeans) was de-
scribed 1n 1973 [13-15] Later, the amino acid sequences
of two trypsin 1so-inhibitors from winged bean seeds
[ Psophocarpus tetragonolobus (L) DC] which resemble



Protemase inhibitors from Erythrina corallodendron seeds
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Fig

Val-Leu-Leu-Asp-Gly-Asn-Gly~Glu-vVal-vVal-Gln-Asn-Gly~-Gly~Thr-Tyr-Tyr-Leu-Lau-Pro-Gln
Val-Leu-Leu~Asp-Gly-Asn-Gly~Glu-Val-val-Gla-Asn-Gly-Gly~Thr-Tyr-Tyt-Leu-Lea-Pro-Gln
vVal-Lea-Leu-Asp-Gly-Asn-Gly~-Glu-Val-val-Gln-Asn-Gly-Gly~-Thr-Tyr~Tyr-Lea-Lea~Pro-Gln
Jal-Leu-Leu-Asp-Gly-asn-Gly~Glu-val-val-Gln-Asn-Gly-Gly-Thr-Tyr-Tyr-Leu~Lea-Pro-Gln
Val-Leu-Leu-Asp-Gly-Asn-Gly-Glu-Val-val-Gln-Asn-Gly-Gly-Thr-Tyr~Tyr~Lea-Leu-Pro=-Gln
Val-Leu-Leu-Asp-Gly—-Asn-Gly-Glu-Val~val-Gln-Asn-Gly-Gly-Thr-Tyr~Tyr~-Leu-Lau-Pro-Gln

Val-Leu-Leu-Asp-Gly-Asn-Gly-Glu-Val~vVal-Gln-Asn-Gly-Gly-Thr-Tyr~Tyr~-Lea-Leu-Pro -
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1. Comparison of the N-terminal amino acid sequences of Kunitz-type trypsin/chymotrypsin/t-Pa

mhibitors from various seeds. (a) E acanthocarpa DE-1 [7], (b) E caffra DE-3 [8], (c) E decora DE-3 [9], (d) E.
humeana DE-3 [10], (¢) E latissima DE-3 [6]; (f)} E Ilysistemon DE-3 [11] and (g) E corallodendron (this paper)

Table 3 Amino acid compositions of proteinase inhibitors from
E corallodendron seeds*

Amino aad DE-2 DE-3 DE-5 DE-10
Asp 171(17) 17217 200200 204 (20
Thr 78 (8) 86 (9) 9.5 (10) 96 (10)
Ser 151 (15 123(12) 122(12) 119(12)
Gilu 234(23)  262(26) 244(24) 238(24)
Pro 141(14) 119(2) 113(1) 108(11)
Gly 17.2(17) 155(16) 141 (14) 129(13)
Ala 34 (3) 66 (7) 109(11) 10811
1-Cys 33 (4 34 (9 37 (4) 37 4)
Val 123(12) 126(13) 118(12) 129(13)
Met 21 () 03 (0) 1.9 (2) 1.3 (1
Ile 88 (9) 57 (6) 60 (6) 57 (6)
Leu 11.7(12)  155(16) 157(16) 15.6(16)
Tyr 88 (9 74 () 52 (5) 52 (5)
Phe 67 (7) 49 (5) 53 (5) 52 ()
Lys 89 (9 117(12) 86 (% 91 (9
His 23 (2 28 (3) 24 () 28 (3)
Arg 80 (8) 74 (7) 68 (7) 8.3 (8)
Trp 20 (2) 19 (2) 16 (2) 17 ()
173 172 172 173

*Given as mol of residue per mol imhibitor,

the Kunitz-type mhibitors, were described [16]. Recent-
ly, the sequence of the trypsin/chymotrypsmn/t-PA m-
hibitor DE-3 from E latissima seeds and the sequence of
the trypsin/chymotrypsin/t-PA from E. caffra seeds, have
been elucidated [17, 18] What 1s immediately apparent
1s the high degree of sequence homology between the
various mhibitors [18] Further, the inhibitors from the
winged bean seeds and the Erythrina seeds have the same
actwve site, namely Arg®*-Ser®S, whereas the inhibitor
from soybeans has Arg®*-1le®* as reactive stte. In spite of
this similarity in sequences and also in reactive sites, the
mhibitors of winged bean seed and soybeans have no
effect on tissue plasminogen activator.

The trypsin inhibitor DE-2 and the trypsin/chymo-
trypsin/t-PA inhibitor DE-3 from E corallodendron seeds
have the same reactive sites (Arg-Ser). In addition, the
sequences around the reactive sites show a significant
degree of sequence homology. It was obvious that tryp-
sin/chymotrypsin/t-PA inhibitor DE-3 from E. corallo-
dendron seeds, and trypsin/chymotrypsin/t-PA inhibitor
DE-3 seeds of E latissima revealed several properties
which were 1dentical with regard to the N-termmal
amno acid sequences, the reactive sites and the sequen-
ces around the reactive sites

EXPERIMENTAL

Materials Erythrina corallodendron seeds were collected by
SAIDCOR, Pretona Porcine trypsin (three times crystallized)
and bovine a-chymotrypsin were supphed by Miles Labora-

Table 4 Digestion of proteinase inhibitors at the reactive sites with trypsin at pH 3 and the
sequence around their reactive sites

Digestion Number
Inhibitors (%) of bands* Sequence around the reactive sites
E corallodendron DE-2 40 3t —Arg§-Ser—Tyr-Phe-lle-Pro ——— ——
DE-3 70 3 —-Arg§-Ser-Thr-Phe~[le~Pro —-—-——-
64 65
E caffra DE-3 90% 3 —Arg§-Ser—Ala—Phe-Tle-Pro - ———-
64 65
E. latissima DE-3 901 3 —Arg§-Ser—Thr-Phe-Ile-Pro — ~———

*SDS gel electrophoresis 1n the presence of a reducing agent.

+M, 20000, 13000 and 7 000.
jResults taken from ref 2
§Reactive site
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tones (Pty) Ltd, Cape Town Recombinant human tissue-type
plasminogen activator was obtamed from Genentech (San
Francisco) DEAE-cellulose was a microgranular preparation
(DE-52) from Whatman Sephadex G-50 (fine) and DEAE-
Sepharose CL-6B were obtained from Pharmacia

Physicochemical methods Sephadex G-50, DEAE-cellulose,
by the manufacturers, and the eluates were monitored at 280 nm
with a Beckman spectrophotometer Disc electrophoresis at
pH 9 using a 15% gel was performed according to the method
of ref [19] SDS gel electrophoresis at pH 72 using a 10% gel
was carried out a described by Weber and Osborn [20] The
bands were stamned with Kenacid blue K dissolved m
H,0-HOAc-Me¢OH (5 1 5).

Proteinase inhibitor assays Trypsin and chymotrypsin in-
hibitor activities were determuned as described [6] Inhibition of
tissue plasminogen activator inhibitor was assayed 1n a plasmin-
ogen-independent fluorometric assay as described m ref [3]

Chemical analysis methods. Amino acid analyses were per-
formed on a Waters HPLC using the o-phthalaldehyde fluore-
scence detection system [21] Samples were hydrolysed with 6 M
HCl for 24 hr tn sealed evacuated tubes, PROH was added to
prevent destruction of tyrosine [22] Half-cystine was deter-
mined as cysteic acid by the method of ref [23] For the
determmation of tryptophan, the samples were hydrolysed with
3M toluene-p-sulphonic acid as described 1n ref [24]

Limuted hydrolysis with trypsin The procedure used for the
limited hydrolysis at pH 3 of the mhibitors by trypsin was
similar to that described 1n ref [25] The digestions were carried
out for 7 days at 20°

Sequence determinations The N-terminal sequences of the
uncleaved inhibitor and the fragments of inhibitors obtained by
himited hydrolysis, at pH 3, with trypsin were determined with a
spinning cup sequencer (Beckman) converted to a gas phase
mstrument as described i ref [26] The programme used was
similar to that described in ref [27] The phenylthiohydantom
(PTH) derivatives of ammo acids were dentified with HPLC
using a micro-Bondapak C,, column (Waters Associates Inc)

Carboxy-terminal analysis The C-terminal amino acids of the
protemase inhibitors and the fragments were determined by the
hydrazinolysis method as described 1n ref [28]

Crude protemnase whibitors The preparation of the crude
proteinase mhibitors was as described 1n ref [6] The yield was
180 g from 100 g E corallodendron seeds
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